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Resonant X-Ray Emission
Spectroscopy (RXES)
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Topics
1. LaRXES of Rare-Earth Systems

A powerful tool to detect hidden
structures N\ XAS

(A) Excitation spectrum of RXES for\Dy compounds:
K. Hamalainen etal. (1991)

B) L & RXES for Gd:
C) = M.H. Krisch et al. (1995)

2. Cu KaRXES of La,CuO,

An ultra-fine probe for the pre-edge
structure of Cu 1s XAS

A. Shukila et-al- (2005) preprint




Electric quadrupole excitation

Excitation spectrim

for L aRXES of ‘ ’I:Iuolrescencel -
8 Nalyaer reso IOT\
Dy(NO3)3 “

Phys Rev Lett 67 2850 (1991)
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Another example for
L@ RXES of Gd
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Cu/kKa RXES ' La,CuQO,

Experiment ; A. Shukla et al.
Theory: M. Calandra,
M. Taguchi and Kotani

preprint (cond-mat/0506650)




Cu Ka RXES In La,CuQ,
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Shukla et al. (2005)




Ka RXES for_o polarization
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Theoretical Analysis

— Total DS

ab Initio calculation
by M. Calahdra
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EQ and ED-exitations

Cu:O cluster

ED
(on-site 3d) (off-site 3d)



Calculation.of Cu K«
RXES in La,CuO,

Single impurity Amderson model
incorporated with Cu 4p\band
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Calculation of Cu Ko RXES by
single impurity Anderson model

I, /=

S(Q a)) = Z ZWWW

E, E,.E, =Energy of initial |7),intermediate ) or final | /') states
Q2, » = Incident and scattered X -ray energies

I;.I',, =1s core hole and 2p core hole linewidths
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Ka RXES for o polarization
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Exp. : Shukla et al.
Theory: Calandra;Taguchiand Kotani
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Ka RXESAor ot polarization

Experiment
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Multi-Cu site cluster
model calculation

Cu,O,, cluster with periodig'boundary condition

Parameter values
A=25eV, U, =7¢eV,Uy =8¢V,

(pdo)=1-5eV {pp0)=0oeV



Calculated XAS and
RXES

ED ED EQ |
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L owest states of EQ and
ED-excitations

Ground state

Core hole
-site

Up spin Down spin [
E P
Q (hole) B (hole) ‘
(up spin electron
excitation)

Up spin Down spin
=D (hole) e (hole)

(down spin electron
excitation)




Conclusion

(1) KaRXES of transition megtal compounds and
Lo RXES of rare\earth compoutnds can be & ultra-fine
prabe for the pre-edge structuresiof XAS +~-- a new
frontier of RXES study

(2) Importance of collaborations of theory and
experiment

(3) Combination of ab Initio energy band calculation
and impurity Anderson model ---- a new powerful
method of theoretical calculations of RXES




collaborators

K. Okada, M. Taguchi, A. Shukla,
M. Calandra, G./'Vanko, and
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